• The rodent gustatory cortex is located near the intersection of the MCA and RHV.
Introduction
The insular cortex is involved in processing sensory and homeostatic information [1, 2] . The anterior part of the insular cortex has gustatory, olfactory, and visceral functions, whereas the posterior area is involved in nociception, thermosensation, and autonomic functions [3] [4] [5] . In rodents, the anterior insular cortex has been identified as the gustatory cortex, which receives taste information from the taste periphery via the gustatory thalamic nucleus [6, 7] . It is believed that the gustatory cortex is located in the anterior and posterior regions of the MCA and the dorsal regions of the rhinal vein (RHV) [8] . Optical imaging and two-photon spectroscopy confirmed this by determining the functional representation of basal tastants coding in the rodent brain [9, 10] . Therefore, the intersection between the MCA and RHV is well known as an anatomical landmark of the rodent gustatory cortex [8] . blood oxygenation level-dependent (BOLD) functional magnetic resonance imaging (fMRI), we previously observed a signal induced by a tastant solution in the bilateral insular cortices [11] . However, the signals in the insular cortex of the left and right hemispheres were found in anterior and posterior regions, respectively, approximately 1 mm anterior to the bregma, where the MCA is located, according to the rat brain atlas [12] . Thus, we hypothesized that the differential responses induced by tastant solutions might be due to asymmetry of the bilateral gustatory cortices. We tested this hypothesis by performing magnetic resonance angiography (MRA) to observe the landmark coordinates, the location of the intersection between the MCA and RHV, in the rodent brain.
Materials and methods
Fourteen adult male Sprague Dawley rats (weight, 322 ± 32 g) were initially anesthetized with 4.0% isoflurane in room air at 1 L/min, followed by 1.5% isoflurane through a facemask during the experiment. The rat was placed in a prone position, and the head was fixed with ear bars and bite bar inside the magnet. Body temperature was maintained with a waterbed and warm air and monitored with a rectal thermometer. The heart and respiratory rates were continuously monitored. The experimental procedures were approved by the Animal Research Committee of the National Cerebral and Cardiovascular Center Research Institute.
MRI scans were carried out on a 7.0-T horizontal bore imaging system (BioSpec 70/30 USR; Bruker, Ettlingen, Germany) using a 86-mm inner diameter transmit volume coil and a 4-ch phasedarray receiver surface coil. We performed two-dimensional (2D) time-of-flight (TOF) MRA under the inhalation of carbogen (5% CO 2 and 95% O 2 ). Two-dimensional TOF-MRA is more sensitive to both relatively slow blood flow (i.e., venous vessels) and fast blood flow, whereas three-dimensional (3D) TOF-MRA easily demonstrates rapid blood flow [13] . Although the MCA can be easily identified by 2D and 3D TOF-MRA, it is hard to measure the relatively slow blood flow in veins (e.g., the RHV) with 3D TOF MRA, making it difficult to identify the intersection between the MCA and RHV using this method. The TOF-MRA technique involved acquiring axial slices using a fast-low-angle-shot-2D sequence with the following parameters: spatial resolution, 100 m; slice thickness, 200 m; overlap 100 m; repetition time/echo time (TR/TE), 17/5.2 ms; flip angle, 80 • ; number of averages, 4; and total scan time, 12 min 43 s. Anatomical T2-weighted images were acquired using the rapid acquisition with relaxation enhancement imaging sequence. MRA datasets were saved in DICOM format and analyzed using AZEWIN (AZE Technology, Inc. Tokyo, Japan) and ZedView (LEXI Corporation, Tokyo, Japan) software. We carefully investigated the location of the intersection in both hemispheres. The difference between the locations of the intersection in the left and right hemispheres was calculated. The positive values of the difference show that the intersection in the left hemispheres is more anterior compared to that in the right hemisphere, while the negative values indicate the reverse.
Results
We elected to employ 2D TOF-MRA, which allowed us to successfully observe the RHV. However, it was difficult to identify the intersection of the MCA and RHV under air condition. We increased the CO 2 concentration in the inhaled gas because carbogen dilates blood vessels, which affects cerebral blood flow. Fig. 1 shows the cerebral vasculature distribution of a rat brain measured by 2D TOF-MRA during carbogen inhalation. The maximum intensity projection map by 2D TOF-MRA clearly reveals the intersection between the MCA and RHV. 
Discussion
In the present study, we found that the intersection of the MCA and RHV is asymmetrically located in the right and left hemispheres. The results shed light on our previous fMRI study, which revealed that positive BOLD signals induced by a tastant solution were asymmetrical in the bilateral insular cortices [11] . Our present results, combined with those of our previous study [11] , 's t-test) ).
indicate that functional gustatory representation may be identically conserved relative to the intersection [9, 10] but asymmetrically located in the insular cortex of both hemispheres. These results are supported by those of a previous study that used genetic tracing techniques to show that sweet and bitter taste receptor cells target neuron clusters in the bilateral insular cortices; the authors found that most of the labeled neuron clusters were bilaterally but asymmetrically located in the insular cortex of the mouse brain [14] .
The anterior insular cortex (i.e., around the intersection of the MCA and RHV) acts as the gustatory cortex in the rat brain, whereas the posterior portion is involved in processing visceral information and controlling cardiovascular function [3, 4] . Because visceral organs undergo asymmetrical morphogenesis inside the body, visceral information might asymmetrically transfer to the posterior insular cortex [3] . The right posterior insular cortex may also play a major role in cardiac autonomic control [5] . Therefore, asymmetry in posterior regions of the insular cortex due to visceral and cardiovascular processing might have an impact on the asymmetrical differentiation of the anterior region (i.e., the gustatory cortex) in both hemispheres.
The MCA supplies glucose and oxygen to the insular cortices as well as and the anterior temporal, frontal, and parietal cortices. Because cerebral hemodynamic responses are closely related to energy consumption [15] , the asymmetrical functional regions mentioned above might lead to asymmetrical vascular distributions in the brain. It has been shown that the superficial blood vessels are asymmetrically distributed between the hemispheres [16] , and that veins and venules are asymmetrically distributed throughout the rat cortex [17] . BOLD responses are sensitive to deoxyhemoglobin in veins and venules under normal physiological conditions; therefore, multimodal fMRI experiments should be performed to determine whether asymmetrical BOLD responses in the insular cortices are solely due to vascular distribution or if they also involve energy consumption due to gustatory function [15] .
In conclusion, we found that the landmark location of the gustatory cortex varied between the right and left insular cortices. Our present results, combined with those of our previous study [11] , indicate that the gustatory cortex might not be identifiable by the coordinates described in the rat brain atlas [12] . Thus, caution is needed when using the brain atlas to locate the gustatory cortex. For example, experiments that investigate the gustatory cortex by using electrophysiological recordings and tissue lesioning require a precise location for electrode implantation and tissue lesioning. Because the rat brain atlas is routinely used to locate areas of interest [12] , such experiments might be affected by location error, resulting in dissimilar results between the right and left hemispheres. Therefore, we propose that before studying gustatory functional representation, researchers should first verify the location of this landmark.
